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Summary
Background: Patency of the superior sagittal sinus (SSS) is a key factor in surgery of parasagittal
meningiomas (PSM). The main and least invasive method of evaluation of the SSS is magnetic
resonance venography (MR venography). However the efﬁcacy of this method is limited in
some cases especially in slow ﬂow velocities.
Objective: Determine potentials of intraoperative color-coded duplex sonography (CCDS) for
evaluation of the SSS in PSM comparing them with MR venography.
Methods: CCDS was conducted in 30 adult patients with PSM using linear ultrasound probe
i12L-RS (Vivid E, GE) placed on the superior wall of the SSS after craniotomy. Intraoperative
CCDS ﬁndings were compared with 2D time-of-ﬂight MR venography.
Results: False-positive results of complete occlusion of the SSS by MR venography in our series
were obtained in 7 out of 16 cases (for the anterior third of the SSS — 5 out of 6; middle third —
1 out of 8; posterior third — 1 out of 2). CCDS determined the degree of SSS invasion and differ-
entiated invasion from compression or thrombosis of the SSS, which MR venography could not.
Conclusion: Intraoperative CCDS is safe and allows evaluation of SSS patency as well as venous
lacunae, bridging veins and inferior sagittal sinus, classiﬁcation according to degree of SSS inva-
sion, and being more precise than MR venography it can be used to determine surgical strategy.
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Background
Patency of the superior sagittal sinus (SSS) is a key factor in
surgery of parasagittal meningiomas (PSM) and, therefore,
its determination is the standard of preoperative work-up
Open[1]. Up to 50% of PSM invade the SSS lumen [2]. It is gener-
ally accepted that totally invaded SSS should be resected
en bloc, but if the invasion is partial the SSS should be
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Open access under CCeserved even in cases with residual ﬂow in it [3]. There
re three methods of evaluation of the SSS — digital sub-
raction angiography (DSA), computed tomography (CT) and
agnetic resonance venography (MR venography). DSA is
he ‘‘gold standard’’ of cerebral angiography and cerebral
enography in particular. It gives the most precise infor-
ation about SSS patency, but it is invasive and costly,
herefore its usage gradually declines. CT is believed to be
lightly more accurate than MR venography in veriﬁcation
s under CC BY-NC-ND license.f SSS patency [4]. CT is less invasive than DSA yet requires
rradiation and iodine contrast medium. MR venography is
resently the method of choice for evaluation of SSS patency
n patients with PSM due to its noninvasiveness [5]. There
 BY-NC-ND license.
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re three kinds of MR venography: 2D time-of-ﬂight (TOF),
hase-contrast and MR venography with contrast medium.
hey all differ by the method of revealing ﬂowing blood [6].
D TOF MR venography is the most simple of all its three
inds, sensitive to slow ﬂow (which is typical for venous
lood ﬂow) and does not even require contrast medium.
hough 2D TOF MR venography is less precise than MR
enography with contrast medium, it is widely used in pre-
perative evaluation of the SSS in patients with PSM [6—9].
owever, the efﬁcacy of this method is limited in low blood
ow velocities that occur in substantial invasion and/or com-
ression of the SSS by PSM [9]. As a result there is a dilemma
the more precise method we use the more it is invasive.
earch of the altogether noninvasive and precise method
eads us to sonography, but transcranial sonography is impos-
ible for investigation of the SSS because of deep location
nd an inappropriate angle [10,11]. The method of intraop-
rative color-coded duplex sonography (CCDS) is known but
nformation about it is scant and ambiguous, so we decided
o study this method ourselves.
bjective
etermine potentials of CCDS for intraoperative evaluation
f SSS patency in PSM and compare them with MR venogra-
hy.
ethods
0 patients (20—67 years, mean age 55) with PSM were
tudied. Intraoperative CCDS (anterior third of the SSS —
patients; middle third — 20; posterior third — 3) was con-
ucted with linear ultrasound probe i12L—RS (Vivid E, GE,
SA) placed on the superior wall of the SSS after craniotomy.
ntraoperative CCDS ﬁndings were compared with 2D time-
f-ﬂight MR venography (Signa Inﬁnity, GE, USA).
There are some important points that we want to men-
ion. First, the superior wall of the SSS should be free from
one. This can be achieved by bilateral craniotomy or unilat-
ral craniotomy with additional resection of overlying bone
ith rongeurs. Our attempts to evaluate the SSS through its
ateral wall were not successful. Second, hemostatic mate-
ials (Surgicel, collagen sponge) should not be used during
onography of the SSS as they hinder propagation of the
ltrasound and therefore the quality of the image will be sig-
iﬁcantly worse. Small bleedings from the SSS were stopped
y cauterization, while more signiﬁcant ones were termi-
ated by applying hemostatic material and then removing it
efore CCDS. The probe was placed on the superior wall of
he SSS and CCDS was performed in two planes — frontal
transverse) and sagittal. In B-mode in the frontal plane
he presence, location and degree of intraluminal invasion
as evaluated. We used color ﬂow Doppler in the frontal
lane only to conﬁrm the presence of ﬂow. In the sagit-
al plane we used color-mode only, because B-mode is not
nformative. We do not recommend to evaluate invasion of
he SSS only in the sagittal plane since artifact from the
ateral wall of the SSS may occur. Thus, in the sagittal plane
e determined Doppler Spectrum, direction of ﬂow and its
uantitative characteristics — TAMEAN (time-averaged mean
elocity) and TAMAX (time-averaged maximum velocity).
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We performed CCDS of the SSS and the adjacent venous
tructures (lacunae, bridging veins) within the craniotomy
indow both before and after removal of PSM. It is important
o apply on the SSS as little pressure as possible (up to the
ppearance of artifact due to air between the SSS and the
robe) since the SSS is very easy to compress and blood ﬂow
elocity signiﬁcantly increases.
esults
R venography showed absence of blood ﬂow in the SSS
n 16 out of 30 cases, which was conﬁrmed by intraoper-
tive CCDS in 9 cases only (complete invasion in 7 cases,
hrombosis in 2 cases). In the remaining 7 cases the SSS was
atent (blood ﬂow velocity in the SSS was 5—29 cm/s and
ow index reached 40ml/min). In 14 out of 30 patients MR
enography revealed ﬂow in the SSS and it was conﬁrmed
y CCDS. Thus, false-positive results of complete occlusion
f the SSS according to MR venography in our series were
btained in 7 out of 16 cases (for the anterior third of the
SS — 5 out of 6; middle third — 1 out of 8; posterior third
1 out of 2). CCDS additionally evaluated the degree of SSS
nvasion/compression with its hemodynamics and differen-
iated invasion from compression of the SSS. Examples of
ifferent types of SSS invasion by PSM obtained intraopera-
ively by CCDS, where consistency (Fig. 1) and discrepancy
Fig. S1 — to view the ﬁgure, please visit the online sup-
lementary ﬁle in ScienceDirect) between CCDS and
reoperative MR venography are presented.
B-mode in the frontal (transverse) plane allows ver-
ﬁcation of compression, partial invasion and complete
nvasion of the SSS. It helps to determine the limits of
ompletely invaded SSS in order to resect it en bloc
Fig. S2 — to view the ﬁgure, please visit the online supple-
entary ﬁle in ScienceDirect). This data allows to classify
SM according to degree of SSS invasion according to clas-
iﬁcation by Sindou and Alvernia [3], which is the mostly
idely used (Fig. 2). Nowadays CCDS seems to be the only
ethod that allows doing this noninvasively (without exci-
ion of the SSS). However, this classiﬁcation is not ideal
nd could not encompass all the cases we had like in
ig. S3 (to view the ﬁgure, please visit the online sup-
lementary ﬁle in ScienceDirect), where all three walls
f the SSS are invaded but the latter is still patent. B-
ode can also visualize intrasinal structures like septum
Fig. S4 — to view the ﬁgure, please visit the online sup-
lementary ﬁle in ScienceDirect). It should be noted that
rachnoid granulations may mimic invasion of the SSS angle.
CCDS may also be used to visualize venous lacunae,
ridging veins (Fig. S5 — to view the ﬁgure, please visit the
nline supplementary ﬁle in ScienceDirect) and infe-
ior sagittal sinus (Fig. S6 — to view the ﬁgure,
lease visit the online supplementary ﬁle in ScienceDi-
ect), which can be of signiﬁcant help during operation.
nferior sagittal sinus usually becomes seen when the SSS
s totally invaded and serves as collateral venous channel.
herefore visualization of the inferior sagittal sinus in order
o preserve it may be important when PSM is large and
ncompasses the sinus.
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Figure 1 Examples of intraoperative CCDS: complete patency of SSS (1), partial invasion (2), complete invasion (3), (A) diagram
ia [3
o
t
pof SSS invasion according to classiﬁcation by Sindou and Alvern
sagittal plane, (E and F) frontal plane).
Discussion
Intraoperative sonography was ﬁrst described by the
American neurosurgeon B.W. Brawley in the Journal of Neu-
rosurgery in 1969 [12]. There was a case with a 43-year-old
female patient with PSM, in whom X-ray angiography (at
that time it was the only method of preoperative evaluation
p
b
D]; (B and C) MRI and MR venography; (D—F) CCDS images ((D)
f SSS patency) gave uncertain result and intraoperatively
he SSS was evaluated with Doppler sonography revealing its
atency. The PSM was therefore subtotally resected with SSS
reserved.
It is obvious that since that time medical sonography has
ecome much more sophisticated. Nowadays transcranial
oppler is considered to be the best noninvasive method
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[
[
[
[13] Jordan JE, Pelc NJ, Enzmann DR. Velocity and ﬂow quantita-igure 2 Diagram of patients’ distribution (left) according to
lassiﬁcation by Sindou and Alvernia [3] (right).
f quantitative evaluation of intracranial vessels. However,
t is impossible to use it in adults for evaluation of the SSS.
hen the temporal window is used the angle of insonation
s more than 60◦ and thus inappropriate [10]. It is possible
o detect the posterior third of the SSS through the occipi-
al window, but the detection rate is not more than 55% and
ven 38% for patients older than 60 years. In this case the
ow velocity is 6—10 cm/s [11].
It is little known about the blood ﬂow in the SSS.
side from almost useless transcranial Doppler, there is
hase-contrast MR venography, which allows quantitative
valuation of the SSS hemodynamics in patients with PSM.
his method revealed that mean blood ﬂow velocity in the
SS is 10—15 cm/s [13]. This method is rather approximate
ince it is operator dependent and based on several assump-
ions. There are no more methods of quantitative evaluation
f blood ﬂow velocity in the SSS in patients without cerebral
athology.
2D TOF MR venography due to its noninvasiveness (no irra-
iation, no contrast material) and simplicity and sensitivity
o slow ﬂow is the ﬁrst-line method of preoperative evalu-
tion of the SSS patency at our Institute and in many other
linics. However, this method has limitations, for example,
rtifactual signal loss resulting from in-plane vascular ﬂow.
o overcome this artifact, it is desirable to orient the acqui-
ition plane perpendicular to the long axis of the vessel
eing imaged [9]. As a standard, frontal acquisition plane
s used for SSS evaluation, therefore signal loss may occur in
nterior and posterior parts of the SSS as these segments
radually become coplanar with the imaging plane. That
s why in our study the rate of false-positive results of
omplete occlusion of the SSS according to 2D TOF MR venog-
aphy is very high (83%) in anterior third of the SSS, and
elatively low in its middle third (13%). According to the
eneral opinion, anterior third of the SSS is not function-
lly signiﬁcant and may be resected even if patent, 83%
f false-positive results of complete occlusion do not dis-
redit 2D TOF MR venography, but indicate that the method
s useless for anterior third of the SSS. We would like to men-
ion, that due to limited time of intraoperative study we did
ot use power Doppler, which is more sensitive to slow ﬂow
han color ﬂow Doppler and could give even more accurate
nformation about SSS patency.
CCDS is not invasive but requires removal of bone overly-
ng the SSS which is not adequate in some cases like in small
SM. CCDS consumes little time (3—10min) and is safe since
either one of our 30 patients had infectious or any other
elated complications.V.B. Semenyutin et al.
onclusion
hus, intraoperative CCDS is safe and allows evaluation of
SS patency as well as venous lacunae, bridging veins and
nferior sagittal sinus, classiﬁcation according to degree of
SS invasion, and being more precise than MR venography
t can be used to determine surgical strategy. The most
ate of false-positive results of complete occlusion accord-
ng to our study was observed in the anterior third of the
SS.
ppendix A. Supplementary data
upplementary data associated with this arti-
le can be found, in the online version, at
oi:10.1016/j.permed.2012.04.011.
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